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Application of multi-omics analysis to diapause in insects
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Abstract: Omics technology has become an important tool to interpret the life process by presenting
biological related issues at different levels such as genes proteins and metabolites. This paper
summarizes the application of omics technology in the study of insect diapause from the aspects of
transcriptomics proteomics metabolomics and combined application of omics and expounds the important
achievements of multi-omics technology represented by transcriptomics proteomics and metabolomics in
the molecular mechanism of insect diapause regulation. In view of the current research status the
prospects and limitations of the application of multi-omics techniques in insect diapause were summarized
and prospected in order to provide reference for the study of the molecular mechanism of insect diapause
regulation.
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Table 2 Examples of applications of multi omics profiling techniques in insect diapause

Multi-emicstechnologies Examples References
Coleoptera Colaphellus bowringi 2016
Diptera Drosophila suzukii Zhai et al. 2019
Lysiphlebus testaceipes 2020
Hymenoptera
Aphidius gifuensts Qiu et al. 2016
) ) ) . Hemiptera Laodelphax striatellus Zhai et al. 2017
Transcriptomics combined with
proteomics analysis Arachnoidea Tetranychus urticae Zhao et al. 2017
Lepidoptera Etiella zinckenella Yang et al. 2020
Chrysoperla sinica 2021
Neuroptera

Chrysoperla nipponensts

Chen et al. 2023
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2 Continued table 2

Multi-emicstechnologies

Examples References

Transcriptomics combined with

metabolomics analysis

Proteomics combined with

metabolomics analysis

Diptera

Hymenoptera

Orthoptera

Exorista civilis 2022

Chymomyza costata Moos et al. 2022

Wang et al. 2017,
2020

Bactrocera minax

Lysiphlebus testaceipes 2020

Locusta migratoria Tu et al. 2015

Lepidoptera

Hymenoptera

Zhang et al. 2012;

Helicoverpa armigera
Zhang et al. 2013

Colinet et al. 2012

Praon volucre

( Mao et al.

RNAi. CRISPR

2019) .

( References)

AnT Zhang HZ Han YH et al. Transcriptome analysis of diapause—
associated genes of Aphidius gifuensis Ashmaed ] . Chinese

Journal of Biological Control 2017 33 (5): 604 —611.

J. 2017 33 (5): 604 -611

Batz ZA  Armbruster PA. Diapause-associated changes in the lipid and

metabolite profiles of the Asian tiger mosquito Aedes albopictus
J . J. Exp. Biol. 2018 221 (24): jeb189480.

Chen ZZ Wang X Kong X e al. Quantitative transcriptomic and
proteomic analyses reveal the potential maintenance mechanism of
female adult reproductive diapause in Chrysoperla nipponensis ] .
Pest Manag Sci. 2023 79 (5): 1897 —1911.

Colinet H Renault D  Charoy-Guével B et al. Metabolic and
proteomic profiling of diapause in the aphid parasitoid Praon volucre

J . PLoS ONE 2012 7 (2): €32606.

Colinet H Renault D Javal M et al. Uncovering the benefits of
fluctuating thermal regimes on cold tolerance of drosophila flies by
combined metabolomic and lipidomic approach J . Biochim.
Biophys. Acta. 2016 1861 (11): 1736 - 1745.

Deng Y Li F Rieske LK et al. Transcriptome sequencing for
identification of diapause-associated genes in fall webworm
Hyphantria cunea Drury ] . Gene 2018 668: 229 —236.

Des Marteaux LE Hiila P Kostal V. Transcriptional analysis of insect
extreme freeze tolerance J . Proc. Biol. Sci. 2019 286
(1913) : 20192019.

DuJ Zhao P Wang J e al. Pupal diapause termination and
transcriptional response of Antheraea pernyi ( Lepidoptera:
Saturniidae) triggered by 20-hydroxyecdysone J . Front Physiol.
2022 13: 888643.

Gong J Zheng X Zhao S et al. Early Molecular events during onset of
diapause in silkworm eggs revealed by transcriptome analysis ] .

Int. J. Mol. Sci. 2020 21 (17): 6180.



907

Hahn DA Denlinger DL. Energetics of insect diapause J . Annu.
Rev. Entomol. 2011 56: 103 —121.

Han HB Jiang S Lin KJ et al. Proteomic analysis of diapause proteins
in the dominant parasitoid tachinid fly Exorista civilis ] . Journal

of Plant Protection 2021 48 (6): 1359 - 1369.

] 2021 48 (6): 1359 - 1369

Hasin Y Seldin M Lusis A. Multi-omics approaches to disease ] .
Genome Biol. 2017 18 (1): 83.

Huang FX Jiang S Ren XY et al. Differential expression of proteins
associated with lipid metabolism in diapausing Aphidius gifuensis
Ashmaed J Chinese Journal of Biological Control 2015
31 (6): 811 -820.

2015 31 (6): 811 -820

Huang X  Poelchau MF  Armbruster PA. Global transcriptional

dynamics of diapause induction in non-bloodHfed and blood<fed

Aedes albopictus ] PLoS Negl. Trop Dis. 2015 9
(4): e0003724.

Hala P Moos M Des Marteaux L et al. Insect cross-tolerance to
freezing and drought stress: Role of metabolic rearrangement J .
Proc. Biol. Sci. 2022 289 (1976) : 20220308.

Hutfilz C. Endocrine regulation of lifespan in insect diapause ] .
Front Physiol. 2022 13: 825057.

liams SE  Lugena AB Zhang Y et al. Photoperiodic and clock
regulation of the vitamin: A pathway in the brain mediates seasonal
responsiveness in the monarch butterfly J . Proc. Natl. Acad.
Sei. U.S.A. 2019 116 (50): 25214 -25221.

Jarwar AR Hao K Bitume EV et al. Comparative transcriptomic
analysis reveals molecular profiles of central nervous system in
maternal diapause induction of Locusta migratoria ] . G3
( Bethesda) 2019 9 (10): 3287 —3296.

Jiang CY Wu Q Yang NW et al. The molecular regulation of
diapause induction in insects ] Chinese Journal of Applied
Entomology 2021 58 (1): 1 -13.

I 2021
58 (1): 1-13

Kostal V- Korbelova J Poupardin R et al. Arginine and proline
applied as food additives stimulate high freeze tolerance in larvae of
Drosophila melanogaster J . J. Exp. Biol. 2016 219 (15):
2358 -2367.

Kostal V Stétina T Poupardin R et al. Conceptual framework of the
eco-physiological phases of insect diapause development justified by
transcriptomic profiling J . Proc. Natl. Acad. Sci. U.S. A.
2017 114 (32): 8532 -8537.

Kostal V. Eco-physiological phases of insect diapause J . J. Insect
Physiol. 2006 52 (2): 113 -127.

Lehmann P Pruisscher P Kostal V et al. Metabolome dynamics of
diapause in the butterfly Pieris napi: Distinguishing maintenance
termination and post-diapause phases J . J. Exp. Biol. 2018
221 (2): jeb169508.

LiY Zhang L. Chen H et al. Shifts in metabolomic profiles of the

parasitoid Nasonia vitripennis associated with elevated cold tolerance

induced by the parasitoid s diapause host diapause and host diet

augmented with proline J . Insect Biochem. Mol. Biol. 2015
63: 34 -46.

Li YY Chen JJ] Liu MY et al. Enhanced degradation of juvenile
hormone promotes reproductive diapause in the predatory ladybeetle
Coccinella  septempunctata J . Front Physiol. 2022
13: 877153.

Li YY Delger Zhang B et al. Combined analysis of diapause—
associated genes and diapause-associated metabolites in Exorista
civilis J . Journal of Environmental Entomology 2022 44 (4):
956 —-967.

2022 44 (4): 956 -967

LiYY MaHY LiL etal Transcriptomic analysis of egg diapause of
Galeruca daurica ( Coleoptera:  Chrysomelidae) J . Aca
Entomologica Sinica 2021 64 (10) : 1136 —1144.

2021 64 (10): 1136 - 1144

Liu M. Exploring Molecular Mechanism of Diapause on Lysiphlebus
teataceipes Cresson D . Beijing: Chinese Academy of Agricultural
Sciences Master Thesis 2020.

D . : 2020

Liu Y Wang R Su L e al Integrative proteomic and
phosphoproteomic analyses revealed complex mechanisms underlying
reproductive diapause in Bombus terrestris Queens ] . Insects
2022 13 (10): 862.

Liu Y. Studaies on Different Expression on Diapause Related Proteins in
Female Ladybird Coccinella septempunctata L. D Beijing:
Chinese Academy of Agricultural Sciences Master Thesis 2014.

D .
2014

Lugena AB Zhang Y Menet JS et al. Genome-wide discovery of the
daily transcriptome DNA regulatory elements and transcription
factor occupancy in the monarch butterfly brain J . PLoS Genet.
2019 15 (7): e1008265.

Ma HY Li YY Li L e al Juvenile hormone regulates the
reproductive diapause through Methoprene-tolerant gene in Galeruca
daurica ] . Insect Mol. Biol. 2021 30 (4): 446 —458.

Ma HY LiYY LiL et al. Regulation of juvenile hormone on summer
diapause of Geleruca daurica and its pathway analysis J . Insects
2021 12 (3): 237.

Ma HY Zhou XR Tan Y et al. Proteomic analysis of adult Galeruca
daurica ( Coleoptera: Chrysomelidae) at different stages during
summer diapause J .

Proteomics 2019 29: 351 -357.
Mao MF  Yue SQ Zhao MR. Advances in pesticide poisoning

Comp. Biochem. Physiol. Part D Genomics

mechanism based on multi-omics ] .

Science 2019 21 (Z1) : 823 -830.

Chinese Journal of Pesticide

2019 21 (Z1): 823 -830

Meng J Huang J. Using transcriptome sequencing to analyze the



908 Journal of Environmental Entomology 45

diapause-—related genes of female adults of Delphastus catalinae J .
Journal of Plant Protection 2023 50 (2): 468 —478.
J.
2023 50 (2): 468 —478

Meuti ME Bautista-Jimenez R Reynolds JA. Evidence that microRNAs
are part of the molecular toolkit regulating adult reproductive
diapause in the mosquito Culex pipiens J . PLoS ONE 2018
13 (11): €0203015.

Meyers P] Powell TH Walden KK et al. Divergence of the diapause
transcriptome inapple maggot flies: Winter regulation and post—
winter transcriptional repression ] J. Exp. Biol. 2016
219 (17) : 2613 -2622.

Moos M Korbelova J Stétina T et al. Cryoprotective metabolites are
sourced from both external diet and internal macromolecular reserves
during metabolic reprogramming for freeze tolerance in drosophilid
fly Chymomyza costata ] . Metabolites 2022 12 (2): 163.

Poupardin R Schéttner K Korbelova J et al. Early transcriptional
events linked to induction of diapause revealed by RNAseq in larvae
of drosophilid fly Chymomyza costata J . BMC Genomics 2015
16: 720.

Qi XY Ren XY An T et al. Transcriptome analysis of diapause—
associated genes of Coccinella septempunctata L. ] . Journal of

Environmental Entomology 2016 38 (2): 238 —248.

I 2016 38 (2): 238 -248
QiuJ He Y Zhang] et al. Discovery and functional identification of
fecundity—related genes in the brown planthopper by large-scale RNA
Insect Mol. Biol. 2016 25 (6): 724 —733.
Ragland GJ Armbruster PA  Meuti ME. Evolutionary and functional

interference J .

genetics of insect diapause: A call for greater integration J .
Curr. Opin. Insect Sci. 2019 36: 74 -81.

Ren S Hao YJ Chen B et al. Global transcriptome sequencing reveals
molecular profiles of summer diapause induction stage of onion
maggot Delia antiqua ( Diptera: Anthomyiidae) J . G3
( Bethesda) 2018 8 (1): 207 -217.

Reynolds JA' Nachman RJ Denlinger DL. Distinct microRNA and
mRNA responses elicited by ecdysone diapause hormone and a
diapause hormone analog at diapause termination in pupae of the
corn earworm  Helicoverpa zea ] . Gen. Comp. Endocrinol.
2019 278: 68 -78.

Reynolds JA  Peyton JT  Denlinger DL. Changes in microRNA
abundance may regulate diapause in the flesh fly Sarcophaga
bullata ] . Insect Biochem. Mol. Biol. 2017 84: 1-14.

Rozsypal ] Moos M Goto SG. Cold acclimation increases cold tolerance
independently of diapause programing in the bean bug Riptortus
pedestris ] . Bull. Entomol. Res. 2018 108 (4): 487 -493.

Santos PKF de Souza Araujo N Frangoso E et al. Diapause in a
tropical oil-eollecting bee: Molecular basis unveiled by RNA-Seq

J . BMC Genomics 2018 19 (1) : 305.

Tan QQ. Identification and Function Analysis of Diapause Related

Proteins and Genes in Colaphellus bowringi during Diapause

Preparation Stage D . Hubei: Huazhong Agricultural University

Master Thesis 2016.

2016

Teets NM  Marshall KE Reynolds JA. Molecular mechanisms of winter
survival J . Annu. Rev. Entomol. 2023 68: 319 -339.

Tu X Wang J Hao K et al. Transcriptomic and proteomic analysis of
pre-diapause and non-diapause eggs of migratory locust Locusta
migratoria L. ( Orthoptera: Acridoidea) J . Sei Rep. 2015
5: 11402.

Wang J] Fan H Xiong KC et al. Transcriptomic and metabolomic
profiles of Chinese citrus fly  Bactrocera minax ( Diptera:

Tephritidae)

diapause program J . PLoS ONE 2017 12 (7): €0181033.

along with pupal development provide insight into

Wang ] Ran LL LiY et al. Comparative proteomics provides insights

into diapause program of Bacirocera minax ( Diptera: Tephritidae)
J . PLoS ONE 2020 15 (12): €0244493.

Wang J] Wang P Fan H et al. Comparison of metabolic profile
between diapause-destined and non-diapause-destined pupae of
Bactrocera minax J . Scientia Agricultura Sinica 2019 52 (6) :
1021 -1031.

I 2019 52 (6):
1021 - 1031

Wang P. Analysis of Expression Profiles and Metabolome Differences

between Diapause Pupae and Non-Pause Pupae in Bactrocera minax

D . Chongging: Southwest University Master Thesis 2020.

D . : 2020
Wilkins MR Sanchez JC Gooley AA et al. Progress with proteome
projects:  Why all proteins expressed by a genome should be
identified and how to do it ] .
1996 13: 19 -50.

Biotechnol. Genet Eng. Rev.

Yang F Huang LH Zhang AB. High-throughput transcriptome
sequencing technology and its applications in Lepidoptera ] . Acta

Entomologica Sinica 2014 57 (8): 991 - 1000.

I 2014 57 (8): 991 - 1000
Yang M Wang Z Wang R et al. Transcriptomic and proteomic
analyses of the mechanisms of overwintering diapause in soybean pod
borer ( Leguminivora glycinivorelld ] . Pest Manag. Sci. 2020
76 (12) : 4248 -4257.
Yao ZH Li L Pang BP et al. Transcriptome analysis of the adult
Galeruca daurica ( Coleoptera: Chrysomelidae) in response to 20—

hydroxyecdysone ]
2023 45 (1): 155 - 162.

Journal of Environmental Entomology

2023 45 (1): 155-162
Zhai Y Dong X Gao H e al. Quantitative proteomic and
transcriptomic analyses of metabolic regulation of adult reproductive
diapause in Drosophila suzukii ( Diptera: Drosophilidae) females
J . Front Physiol. 2019 10: 344.
Zhai Y ZhangZ Gao H et al. Hormone signaling regulates nymphal
diapause in Laodelphax striatellus ( Hemiptera: Delphacidad J .



909

Sci. Rep. 2017 7 (1): 13370.
Zhang B Han HB Xu LB et al. Transcriptomic analysis of diapause—
associated genes in Exorista civilis ( Diptera: Tachinidae) ] .

Acta Entomologica Sinica 2020 63 (8): 932 —940.

I 2020 63 (8): 932 -940
Zhang B Han HB Lin B et al. Metabolomic analysis of diapause—
associated metabolites in tachinid parasite Exorista civilis based on
liquid chromatograph mass spectrometry ] Journal of Plant
Protection 2022 49 (2): 705 -706.
I 2022 49 (2): 705 -
706
Zhang B Han HB Xu LB et al. Transcriptomic analysis of diapause—
associated genes in Exorista civilis Rondani ( Diptera: Tachinidae)
J . Arch Insect Biochem Physiol. 2021 107 (2): €21789.
Zhang IS Han YH An T e al. Comparative Transcriptome
Sequencing and Lipid Metabolism in Ladybird C . Implantable

Science and Technology Innovation and Precision Poverty Alleviation

in Agriculture Plant Protection Society of China Proceedings of
the 2016 Academic Annual Meeting 2016: 578.
C .
— 2016
2016: 578
Zhang LS Ren XY Qi XY et al. Advance of Diapause Associated

Proteins in Natural Enemies Insects C . Green Pest Control and

Agricultural Product Quality and Safety Plant Protection Society
of China Proceedings of the 2015 Academic Annual Meeting 2015:
627.

C . —
2015 2015: 627

Zhang Q Lu YX Xu WH. Integrated proteomic and metabolomic
analysis of larval brain associated with diapause induction and
preparation in the cotton bollworm  Helicoverpa armigera J . J.
Proteome. Res. 2012 11 (2): 1042 -1053.

Zhang Q Lu YX Xu WH. Proteomic and metabolomic profiles of larval

hemolymph associated with diapause in the cotton bollworm

Helicoverpa armigera J . BMC Genomics 2013 14 (1) : 751.
Zhang Q Shi GH Guo XX et al. Study on the mechanisms underlying

overwintering of Culex pipiens pallens using iTRAQ-based

quantitative proteomic  analysis J Chinese  Journal —of
Schistosomiasis Control 2019 31 (2): 160 - 164 168.
1TRAQ
J . 2019

31 (2): 160 -164 168

Zhang X Du W Zhang J et al. High-throughput profiling of diapause
regulated genes from Trichogrammaden drolimi ( Hymenoptera:
Trichogrammatidag ~J . BMC Genomics 2020 21 (1): 864.

Zhao JY Zhao XT Sun JT et al. Transcriptome and proteome analyses
reveal complex mechanisms of reproductive diapause in the two—
spotted spider mite Tetranychus urticae ] . Insect Mol. Biol.
2017 26 (2): 215-232.

Zhao N Lv XF Hu HX et al. Comparative transcriptome analysis and
screening of diapause-associated genes during the egg development
of Gomphocerus sibiricus ( Orthoptera: Acrididae) J . Acta
Entomologica Sinica 2022 65 (9): 1075 - 1089.

I 2022 65 (9): 1075 -
1089

Zhao X Bergland AO Behrman EL et al. Global transcriptional
profiling of diapause and climatic adaptation in Drosophila
melanogaster ] . Mol. Biol. Evol. 2016 33 (3): 707 —720.

Zhao YM. Transcriptomic and Proteomic Analysis of Different Stages of
Chrysoperla  sinica D Shandong:  Shandong  Agricultural

University Master Thesis 2021.

2021
Zhou ZX Dong XL Li CR. Comparative transcriptome analysis of
different developmental stage of Bactrocera minax ( Diptera:
Tephritidae) : Implication of the molecular basis of its obligatory
diapause induction J . Comp. Biochem. Physiol. Part D Genomics

Proteomics 2021 38: 100818.



